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PURPOSE: To display hydrogen ion concentration speedily in the form of voltage by 
forming a niobium oxide thin film on a metallic surface or on a gate insulating 
film of an electric field effect type transistor FET, and combining this film and a 
suitable reference electrode with each other. 

CONSTITUTION: FET has a source 1, a drain 2 and a gate 3, and a niobium oxide Nb205 
thin film is formed on insulation of the gate 3 by means of a plasma CVD method, 
and a temperature compensating transistor 4 is arranged on the other edge. This FET 
having ion selectivity and a double junction type silver/silver chloride reference 
electrode are combined with each other, and it is soaked into various kinds of acid 
solutions, and a relationship between voltage and hydrogen ion concentration in 
aqueous solution is found. In this case, voltage between the drain and the source 
is set to be 2.5V, and electric current of the drain is set to be lOOjiA. The 
relationship between the voltage and logarithm of the hydrogen ion concentration 
shows a linear relationship in a wide range of concentration regardless of' kinds of 
acid. A time until electric potential of the FET is stabilized is considerably 
short such as within about 5 seconds, so that response speed becomes fast. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
dcimages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the lead accumulator which offered the component 

which measures the hydrogen ion concentration in a water solution, and this component. 

[0002] 

[Description of the Prior Art] As a means to measure the hydrogen ion concentration in a water solution, 
there is use ****** about a hydrogen ion electrode, and the pH meter which used the glass electrode is 
known widely. Moreover, the so-called solid-state membrane type hydrogen ion electrode which fixed 
ion inductors, such as molybdophosphoric-acid «old carpenter, Murata, Ikeda, collection [ of the 34th 
annual convention drafts of Japan Society for Analytical Chemistry ], 2D05, P489 (1985)», and 
dodecyl amine «D.Ammann et.al, AnaLChem., 53, and 2267(1 98 with the macromolecule is also 
proposed. As a hydrogen ion inductor, fiirthermore, Si02 and aluminum 203, Ta 205 etc. - an oxide, 
Si3 N 4 «Matsuo, Esashi, electrochemistry, 50, and 64 (1982)» - Or titanium nitride (TiN) 
«Wakita, Makabe, Mochizuki, Yamane, the east, the collection 1 of the 58th time spring annual 
convention drafts of the Chemical Society of Japan, 3IG17, and the ion-selective electric field effect 
mold transistor that used P360 (1989)» are proposed. 

[0003] On the other hand, in a lead accumulator, the charge-and-discharge reaction of a cell follows a 
degree type. 
[Formula 1] 

Sen 

PbOg +2H2 SO4 +Pb ^ 2PbS04 +2H2 0 

[0004] That is, the sulfuric acid (H2 S04) of the electrolytic solution is consumed, the concentration 
falls as discharge of a cell progresses, a sulfuric acid generates as charge progresses conversely, and the 
concentration increases. If it puts in another way, since the consumption or the amount of generation of 
these sulfuric acids is proportional to discharge quantity of electricity or charge quantity of electricity, 
respectively, the charge-and-discharge condition or remaining capacity of a lead accumulator can be 
known by measuring the concentration of a sulfiiric acid. 

[0005] Practical use is presented with the float type aerometer or the optical refraction type aerometer in 
order to know the charge-and-discharge condition of a lead accumulator conventionally based on such a 
principle. However, generally, the dimension is large and, as for these aerometers, the method of 
measuring the specific gravity, once it is not used for a lead accumulator, being equipped at one but 
pumps out some electrolytic solutions besides a lead accumulator is adopted. Therefore, such an 
aerometer cannot be used when especially a lead accumulator is closed mold. 
[0006] As an approach of measuring the electrolytic-solution concentration, a sealed lead acid battery 
For example, as shown in West Germany JP,2,254,207,B (1973) It notes that the water vapor pressure of 
the space section of the upper part of a sulfiiric-acid water solution and the sulfiiric-acid water solution 
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in a vapor-liquid-equilibrium condition is dependent on the concentration of a sulfuric-acid water 
solution. The approach of measuring the concentration of a sulfuric-acid water solution by measuring 
humidity with a humidity sensor, This principle is developed further. Approach «J.L.Weininger et.al. 
which measures the partial pressure of the steam which diffuses a humidity sensor through the hole of 
the porous polypropylene film with a humidity sensor, J.Electrochem.Soc, 129, and 2409 (1982)», 
The electrode type aerometer (for example, JP,60-62066,A) based on the principle that the potential 
difference of a lead dioxide electrode and a lead electrode is dependent on the concentration of a sulfuric 
acid is proposed. 
[0007] 

[Problem(s) to be Solved by the Invention] Conventionally, generally, since hydrogen ion electrodes 
including a pH meter shifted from the straight line of a Nemst equation sharply like the so-called acid 
error or the so-called alkali error in the field beyond the so-called pH measurement field (2-12), they 
were not able to be used in strong acid or a strong-base water solution. Since the concentration of the 
sulfiiric-acid water solution used with a lead accumulator was usually in specific gravity about 1 .28 to 
1.05 range (concentration about 5.2 mol/1 and 0.8 mol/1), there was no proposal of using a hydrogen 
ion electrode as a sulfuric-acid concentration sensor of a lead accumulator, conventionally. 
[0008] As an only exception, although following a Nemst equation by the density range of the sulfiiric- 
acid water solution used with this lead accumulator is reported, in the case of the solid-state membrane 
type hydrogen ion sensor which bound the molybdophosphoric acid with the binder as mentioned above, 
this approach is current developed, and is inferior to it in respect of dependability. 
[0009] Moreover, in the approach of measuring hydrogen ion concentration using the field effect 
transistor which attached oxide and a nitride coat, it is tantalum oxide (Ta 205). «Matsuo, Esashi 
where it is reported that the most excellent property is shown Application physics 49 596 (1980)». 
However, when this system is immersed into the sulfiiric acid of the concentration used for the 
electrolytic solution of a lead accumulator, it has the fault that potential becomes unstable in several 
months. Moreover, in the case of the approach of measuring sulfuric-acid concentration using the 
conventional humidity sensor, generally a response is slow and there is a difficulty that the steam of a 
sulfiiric acid makes a humidity sensor corrode. In the case of an above-mentioned electrode type specific 
gravity sensor, from the exterior, since the self-discharge of an electrode happens, since a sink and 
electrolytic oxidation reduction must be carried out, there is sometimes a fault of being very troublesome 
on actuation about a current. 

[0010] And in the case of a sealed lead acid battery, while a general very little sulfuric-acid water 
solution is a separator, it is held in the fiberglass mat which is an electrolytic-solution hold-back agent, 
and since the fi-ee electrolytic solution hardly exists, it needs to miniaturize a hydrogen ion sensing 
element, so that the sulfuric-acid concentration of this fiberglass mat section can be measured. 
[0011] 

[Means for Solving the Problem] This invention tends to solve the above-mentioned trouble by using 
niobium oxide (Nb 205) as an ion inductor of a hydrogen-ion density sensing eleme nt , and combining 
the hydrogen ion electrode which covered the gate-"dielectric-film front face or surface of metal of a field 
effect transistor with niobium oxide, and a reference electrode. 

[0012] Furthermore, the concentration of the sulfiiric acid which is the electrolytic solution is detected, 
and it enables it to always get to know the charge-and-discharge condition of a lead accumulator through 
that by equipping a lead accumulator with this hydrogen ion sensing element. 
[0013] 

[Function] For the hydrogen ion sensing element which covered the gate-dielectric-film front face or 
surface of metal of a field effect transistor with niobium oxide, hydrogen ion concentration is [ this 
invention persons ] /I - 2 mol/1 ten to 6 mol, using niobium oxide (Nb 205) as a hydrogen ion induction 
ingredient. It was the range, and straight-line relation was shown between potential and the logarithm of 
hydrogen ion concentration, and it discovered that the sensibility (potential change when concentration 
changes 10 times) was about 60m V. 

[0014] The detail of the potential response mechanism of niobium oxide and a hydrogen ion is potential 
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E, and hydrogen-ion-activity [aH+] mol / 1, if the ion-selective electric field effect mold transistor or 
hydrogen ion electrode which used niobium oxide for the hydrogen ion inductor is put in into the 
measured solution containing a hydrogen ion, although it is not in **. In between, the following Nemst 
equation is realized. 
E=2.303 x(RT/F) xlog [aH+] 

[0015] Therefore, the hydrogen ion activity in a measured solution can be calculated by measuring the 
electrical potential difference between the above-mentioned electrode and a suitable reference electrode. 
Since the relation of the hydrogen ion activity and concentration in******** and various acid solutions 
is known, an electrical potential difference will show concentration. And this ion-selective electric field 
effect mold transistor or a hydrogen ion electrode hydrogen-ion-concentration 10-6mol/l - 2 mol/1 ** — 
5.2 mol/1 -0.8 which is the density range of the sulfuric acid which is the electrolytic solution of not only 
the usual thin density range to say but a lead accumulator mol/1 Also in the said large range ** ~ Even if 
the above-mentioned Nernst equation was materialized and it was moreover immersed more than half a 
year into the sulfuric acid of such concentration for a long period of time [ thing ], the potential property 
discovered not changing and resulted in this invention. If it considers that it was common sense that a 
hydrogen ion electrode generally shifts fi-om a Nemst equation by such high acid concentration as stated 
also in advance, it should be understood first that this discovery has a very big meaning. 
[0016] Niobium oxide is one of the very big factors to which this hydrogen ion electrode can also use 
not being invaded by the high-concentration sulfuric acid other than excelling in hydrogen ion 
sensitivity for a lead accumulator. 

[0017] As a reference electrode, a well-known silver-silver silver chloride electrode may be used 
conventionally, and ** can also incorporate at one the hydrogen ion electrode which is a measuring 
electrode into a field effect transistor. 

[0018] If the above-mentioned field effect transistor system is especially used for a hydrogen ion 
electrode, it will be 0.23x0.5mm about the cross section. Since it is made to the thin line of extent, it is 
easy to equip a lead accumulator, especially the sealed lead acid battery containing the very little 
electrolytic solution. It should be understood that the diameter of the cross section of the solid-state 
membrane type hydrogen ion electrode with which this fixed the molybdophosphoric acid by the 
polyvinyl chloride considers that it can hardly do at 10mm or less. 

[0019] As a concrete wearing location, although between the electrode of a lead accumulator and 
separators is suitable, it does not limit to this. Moreover, as a lead accumulator, although the 
effectiveness of this invention appears notably by the case of closed mold, of course, the effectiveness 
can carry out an exertion radical also with non-closed mold. 
[0020] 

lEximEle]- Hereafter, this invention is explained using a suitable example. 
Therefore on the gate diele c tric fi lm of a [example 11 field^ffe^traja sist^ (FET. _dim_ensionj)J_ 
0^6.5x0 J!.3 mm), th e niobium oxide (Nb 205) thin fHrn^wiFfonned at the plasma-C VDjnethod, As 
material gas, 5 chlorination niobium (NbC15) and a carbon dioxide (C02) were used, and hydrogen (H2) 
was used as carrier gas. It considers as 800 ** and substrate temperature is 13.56 MHZ. RF plasma was 
used. Niobium oxide is obtained by the following reaction formula. 
2NbCl(s)5+5C02 - the thickness of the niobium oxide thin film obtained +5H2 ->Nb2 0 
5+5CO+10HC1 - about 2000A - ******. Drawing 1 is what showed the structure of the produced ion- 
selective electric field effect mold transistor, as for the source and 2, in drawing, 1 is [ a drain and 3 ] the 
gates, and the transistor for temperature compensations in 4 and 5 are the niobium oxide (Nb 205) thin 
films formed on the gate. 

[0021] Next, it was immersed into [ various ] the acid solution combining this ion-selective electric field 
effect mold transistor and a double junction type silver-silver chloride reference electrode, and asked for 
the relation between the hydrogen ion concentration in a water solution, and an electrical potential 
difference. Each concentration was changed using each water solution of a sulfuric acid, a hydrochloric 
acid, and a nitric acid as an acid solution. The Measuring condition of the ion-selective electric field 
effect mold transistor at this time is electrical-potential-difference (VDS) =2.50V and drain current (ID) 
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=100 between the drain-sources. muA It carried out. Drawing 2 is what showed the result, and, for O 
mark, ** mark of a hydrochloric acid of - mark of a sulfuric acid is in drawing as a resuh of [ each ] a 
nitric acid. Irrespective of the class of acid, the logarithm of hydrogen ion concentration and the relation 
of an electrical potential difference showed straight-line relation by the large density range, and each 
sensibility (electrical-potential-difference change in case concentration changes 10 times) was set to 
about 60mV from drawing. Moreover, time amount until the potential of the ion-selective electric field 
effect mold transistor which becomes this invention is stabilized is about 5. It was shown that it is very 
as short as less than a second, and a speed of response is quick. 

[0022] On the same conditions as the [example 2] example 1, the niobium oxide (Nb 205) thin film was 
formed on the surface of metal for the point of the electrode of the configuration which showed the cross 
section in drawing 3 , and the hydrogen ion electrode was obtained. For a niobium oxide (Nb20 5) thin 
film and 7, as for lead wdre and 9, in drawing, a titanium disk and 8 are [ 6 / polycarbonate tubing and 
10 ] soldering parts. 

[0023] [Example 3] Next, combining the ion-selective electric field effect mold transistor stated in the 
example 1, and the silver-silver silver chloride electrode as a reference electrode, it was immersed into 
the electrolytic solution of the lead accumulator for automobiles, and the electrical potential difference 
between an ion-selective electric field effect mold transistor and a reference electrode was measured 
according to the charge-and-discharge condition of a cell. Drawin g 4 is what showed the installation 
condition of the electrode to a lead accumulator, for an ion-selective electric field effect mold transistor 
and 12, as for a positive -electrode plate and 14, in drawing, a reference electrode and 13 are [ 1 1 / a 
negative-electrode plate and 15 ] separators, and an insulator layer for 16 to prevent contact to an ion- 
selective electric field effect mold transistor and a positive-electrode plate and 17 are the electrolytic 
solutions. The Measuring condition of an ion-selective electric field effect mold transistor presupposed 
that it is the same as the case of an example 1. To coincidence, the specific gravity of the electrolytic 
solution was measured with the float type aerometer. 

[0024] an electrical potential difference in case drawing 5 is what showed the relation between an 
electrical potential difference and electrolytic-solution specific gravity and electrolytic-solution specific 
gravity is 1.28 (full charge condition) -- abbreviation an electrical potential difference in case 200mV is 
shown and electrolytic-solution specific gravity is 1.05 (full discharge condition) - abbreviation 140mV 
~ being shown ~ this density range - the logarithm of an electrical potential difference and 
concentration ~ the value showed straight-line relation. The specific gravity of the electrolytic solution 
can be knovm by getting to know the electrical potential difference between an ion-selective electric 
field effect mold transistor and a reference electrode so that drawing 5 may show. In a lead accumulator, 
since, as for the specific gravity of the electrolytic solution, it turns out that the charge-and-discharge 
condition of a direct cell is shown, the charge-and-discharge condition of a cell can be known from the 
electrical potential difference between an ion-selective electric field effect mold transistor and a 
reference electrode. 
[0025] 

[Effect of the Invention] A niobium oxide thin film can be formed in the gate-dielectric-film top of a 
field effect transistor or surface of metal which becomes this invention, and the hydrogen-ion- 
concentration sensing element combined with this and a suitable reference electrode can display the 
hydrogen ion concentration of the large range in the form of an electrical potential difference. And the 
handling is easy, a speed of response is quick, and continuous measurement is possible in the condition 
of having been immersed into measured liquid. 

[0026] Moreover, the process of a niobium oxide thin film is not limited to the plasma-CVD method 
shown in the example, and the other various approaches, such as the approach of oxidizing a metal 
niobium thin film in a hot oxygen ambient atmosphere, can be used for it. 

J0027] Furthermore, althou gh the example showed 5 oxidization 2 nioM L^ILCNbL2I^jyMcki^^ 
_typical compo imd as niobiu m ox ide, also when the niobium oxide o f stoichiometrv other than this, for 
examnleT Thiobium oxide, (NBHT, 3 oxidization 2 niobium (Nb 203), diacid-ized niobium (Nb02), etc. 
are used, it cannot be overemphasized that the same effectiveness is acquired. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



1/13/06 



JP,05-029024,A [DETAILED DESCRIPTION] 



Page 5 of 5 



[0028] Moreover, since it is chemical very stable, prolonged use is possible for the niobium oxide film, 

and it is very reliable. Furthermore, since it is the same, the voltage characteristic acquired even if a 
membranous part is small can also be miniaturized without limit, if the manufacture approach is devised. 

[0029] Therefore, therefore, it the hydrogen ion sensing element which becomes this invention is not 
only effective also in measurement of the thin hydrogen ion concentration measured using the glass 
electrode, but has conventionally the advantage that the charge-and-discharge condition of a lead 
accumulator can always be known in attaching in a lead accumulator, and the industrial value is very 
large. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing having shown the structure of the ion-selective electric field effect mold 
transistor which becomes this invention. 

[Drawing 2] It is drawing having shown the relation between the ion-selective electric field effect mold 
transistor which becomes this invention in [ various ] an acid water solution, the electrical potential 
difference between reference electrodes, and the logarithm of hydrogen ion concentration. 
[Drawing 3] It is the sectional view of the hydrogen ion electrode which offered the niobium oxide thin 
film on the surface of metal which becomes this invention. 

[Drawing 4 ] It is drawing having shown the condition of having attached the ion-selective electric field 
effect mold transistor which becomes this invention in the lead accumulator. 
[Drawing 5] It is drawing having shown the ion-selective electric field effect mold transistor which 
becomes this invention, the electrical potential difference between reference electrodes, and the 
electrolytic-solution specific gravity of a lead accumulator and relation with the charge-and-discharge 
condition of a cell. 
[Description of Notations] 
3 Gate 

5 Niobium Oxide Thin Film Formed on Gate 

6 Niobium Oxide Thin Film 

7 Titanium Disk 

1 1 Ion-selective Electric Field Effect Mold Transistor 

12 Reference Electrode 



[Translation done.] 
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